2 Jlui jVI 


ÂÂulIàj l]Li 


çSjjL 2 


ÂjjLj jjàll * 


4 ..’°J.’^ 1 '' JLacî — 


: 4 jj j^aJI J-«V' (j^üluaâ. (j<axj 


Clll jl jLb! V] jA La (_j <->•*> >~>i (_j-a Cl)jx-all (jI (jVI iJ-là-lj (jl Lii^aJ 

; jLSTûV 1 (jl LalUa^ 4 jjj£ ^Ja^J jjâj 4 j Jgj^all gLdaall _jjaüjü 4jSjjl£j-a 
4-lla. ^3 Lui j La£ jlLa^ ^Jajoi ^Ic. (jjiil jcClAALalVI ^. ; UiJk (_glc jiil ^ 

Lb j£!j^ (jj£j (gLall ^Jajoj 



T <1 j^jJj 4 jJ^ (ü^ IjlajCal^ (jjjjljLbl (jjj (j^jJI 

.(s) ÂjjLill 4jAa. jj 
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2 JLuij^t j\j 2 

<j-i^.jj t aJ J^jjj t jjIjjJI ûJl^.1 j \\ ajjIÜÎI ^ diljljpAVI ûûc. ^ajoü 

.(Hz) 

:jUa^t a&^lu 

tA^.j^i]l jLuujl Ac.^J joi (j^sjll J (_D^ IfljJaa.l ^gliîl AsIajiaÎI ^tj!i 

.(m/s) Ajjtj/ jlû I g Ü-la . J J V Jya jllj l$J j^JJj 

JjL 

IgJ j^sjJj 4<^. j-oll J jla (jjj]l2La ^(jjjatâ jl) jj. ; {la9 (jjj AiL.a,aH ^g-aj-âi La£ 

.(m) jiaî! jj A, 

jjClLall oiïA (jjj AÜTAc- dlUà j 


T = J_ A=VT 

f 


A^.jC ^gia A_^.jC ^gic. ^J£^ ClijjL^ail jUujl Ac.^)jai Adixli 

i 340 m/s Adij^ C >° Ac.ji4l <>ca A-ajs (jjSj ^A_ijlLa A^.jc 20) A_pl*JI 
jjc. JaLjjl ^gi ciijj^alt j dVi jj ,100°C 380m/s 


A^.jC cç-Lall ^gi jdüjj Cllj^aSI jli lc$A j .4.çl"'-s.-a jLîuj! dllc-jj^ûJ Ç.Ij^JI 

4^. jcj ç.La]l J-jxd jLs Ç.L4I Aj-iilaj (jjlxjj j‘1500m/s 4c.j^ c4_pljt]l 

.411^. jLa 


: JaLaij^l ^3 Cil jj^sall 4c. jjj ^ajâ dliSl 
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Ajjlill iaLujjVI 




2 JL* jV I 


ÀLuJàj t_iLi 


çs>L 2 


ÂjjL jjàll 


co 2 

h 2 

( f o 0 )^ 

( f °20),l _*il 

Ja-uj j]l 

258m/s 

1270m/s 

321.29m/s 

334m/s 

jjL>ïli±ï^\ <c .^)juj 


AÜLuJl LLujjVI 


^Kyyi Jj^SB 

ç.La11 

ç.Lû 

*141 


1170m/s 

1496m/s 

1531 m/s 

1450m/s 



4aiua]| JaLuijVl 




^j±LAj^\ 

2/ >11 



3500-5000m/s 

1000-4000m/s 

5200m/s 

5050m/s 

1250m/s 

jlLmJI 


:4_jj Aaj^I 4jluj 


AjumJ J)JJ>u3' 12a (J},Wn d)l^j_*alj 4_i> Clll^Jl CilScie, >uii 

<ülâ (_ 5 clc. di_jj^aj (jL*ll I2lâ .(j2VI ^g-î) ciiljj^aVl l&L (_s21l ciiljljlAl 

*Lajâ qa jjjdLJI (j-a Iç- Jy^. L_ljlii jjxIi ^ISLall > ^»Lal ("l,h ; 

(jJAJ IcAj ij_£ j^JI JajuCaîl 

LjLjisJ ("rWl ( _ s ^i3 .AjilllSj-all AiUalî jUail! Cliâ_jll ^3 jA jl JpAl jUlLl (jl 

. »üai (_J£J Jal J 10 lAjCâ <3Üa ^38 '1 (_£Clc. L_lUü Cil 
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2 Jiu>jj\ 


ÂÂulIàj 


2 


ÂjjLj jjàll a jl*J1 



AajaII Ailla 


IfrjJ-jâ (jS-û-J ,^21! tAjujj^all Â^.j^sll û-llû ^Jajoiîl j ^C- aJSHûJI Aillai! ^ajau 
û-la. j lalla. lfc jUaC-l (JjJaflJ t J^LajUlm <_J£1 2a! jllj lui j la£ 

t-jlh»iVj .ûAj2ü (jjîj A.jlaC.j Â!ia.la. ’â-la .j j c(db) Jlj^aJAl! <_£^)â.! 

^A.iÀ«..II^^ g jA > i! JlaJ! (Jjâl jj ^Ilîl illli ûAj 22! sJï^i A-aJâ£ A^ual! Jlâ.jj A-ilaC- 

(jcUJ! (jlaûVI (_jÂV ^jSLaj V ^llt-5 Ail^^a'1 a-llll liidt A.,ai9,'! (_g! tA-^.la'.u.ü2lI 

. (_Jî! Cil! _LÎü (_^Â Cil j^a ^2! ^LoLaiVI 

. jllal AjuCaj AÎloia ^^ic. 50db (jj£l AjAjÎü ^jlâ c2lla C(_£.ilc. jtja. Ja.! (j-a3 


JlllulJilj û-lCâl! 

Cl2j)A.^a\l ^jJU-a-û 

220 

^jllLûl ^Ac- 

140 

Ajlij ôjjllfl 

130 

jâa. 3JÏ 

(jAl aç^) 120 

4-i^Lk^a 
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2 (JLuijVI Âjjljjjâll aJL! <iu2aj l_jLI j ^Ui 2 


110 


70 

JUU 1 Ixi Je. j Ija. 

40 

a jjIa JSjji 

^^^AjoLaII ■ w \\^ 0 

<JJC. 


12a j i Aâ.pt.jJ^ CL jjjJI ûCjui CLjlS LalS Cil jj_all j-ljua-a je. L-ixlLl LalS *ül JâaJLj j 
cLcl j LalS j i clLaIjVI JS jCdL <iut-a A_iâ^-1 A.ilSll AiUaî! jjS Jl ^^.jj 
cJjlLalLc J«.a>.l La U j l jjlâ jjl CLl -sLoea Je. p jjll AÜUall sCA jli A^l_i_ii-aSl 


. jîiSlâ jîiSl juaâLïL ^ûJboill LJujuall û-1 ^.j AÜUall 

<iut-a iJUi Cju AÜÜaîl c^jlgj V j juiljla jLîïijl Jaju j JJ j-a3 tjlc .j 

jLll e^Jôll . jjall je. C*J1 jjj-a £-a Ljla l_u2.1L JSjuü cLjj Ig-aJajui û jS Je. 
Uojji j jS] . .l3t-J.ll La jjju £-a LaSc. I- n ni VI ; JSuâ .1 Jra4 JJJ CLjura11 ûCju Jjl.Tl .1 

ûC jC^-a JJC. ^A V jLiïLVl JaLajl jV tl.ll.aC. i âcluuaJ La VLla 1 jS LîlÏLa 

12a CLjjuall aCLll ^juSjtll L_Ual.Vl.il jjlâ jl LaS . LajL Aujijljla ^A V j t^A-LljV) 

J_J^L j CLjurai! jjral.ua l.al lÀ-iljurai! AÜUall jluaakil ji.1 Lua J-a^-l “OV L_âlS JUC. 

.ûjl ja. Jl Lil jura.il 4ÜÜall 

jLuS.il j jjilSjül je. (LLaL t'J.jill JaLuijVl <J 1 jiLua jj5L j-raluaLaV 1 12 a jl 

jAljLll (J-La <ÏLs l CLjuaail jV t juaLuaaLaV 1 1ÂA ju .la ji Jill CLjj-sall jlîïiàlj 

. jLaSliVl j jji1.5L.1iV 1 Ln.ua Lù t(2Li-a ç. jj-âall^ 4_a^.j-all 

: jL*Jl- CLjjJI jjiISxjI 

CLjuaa jCujaj Lalic. ^liLill J -1j_all ojALlâ jA CLjuall jjASa. il ^Jc. JlÎLa jj.ua»,! jl 

ta jl-lual j-a Sjjâ C*J CLjuall ^j^.JJ jjuuûâ » Jlc- Jf^. jl jIl^. ^»Lal (Jjâ 

JjjaaJ ÇLuu LûjJjS Àe-La iuljlLa L.J-Laâ» ^1 A.Lua'l LaCic. CLLa-1 Auuâj Ç. ( _ s LâllJ 
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2 JUjV' 


ÂjjLj jjàll * 


ÀiuJâj L-ji ûi 


lSj^j 2 


AâLdal t^.Ütu ^-aÜui- 4 ]! 12a (jl jA dl!2 1 -jJjoiSlJ . A_ijâ û-l2üj Cl) 

cAc.làî! L. adjj j (jl j-la. ( _ s 2c- A.jLjj^xlall C ij-Vi Cû^Cùlxal! Ail A^. 

. l-lia. A-C-LaTuJ (jd'n 11 .ail j2l Ajjâuv Cl 1 û-l2ù ^ya -lijj (_£ÂÎI p^gjiiîl 

^■1 (J 1 .ojV CS cLit-i^.1 (_5^ JUÜ 1 - r l-A.a. CilûjAÜâJ (jjSLi C5 (j£J 
Ai. j-all £-a Cllâ (_^3 V J 6 -1^.1J (jï ^-â I J] A-juAx1a]| Â-jjjA^all 

L_ÜLj-a 1I (j-C ^C.U^ajj A_nla2*JI ^Lf£l ç-^juJ JI/QuJ j (jlüJjjaü ClI.Wj IjAj Cû^jo)Lia!I 
Â.jui.Vîg.11 (JL^a IÂ&j 6 ^'LCIujVI (j- 0 Â-^V ^Jj-£alJ ^Icc-J ^Jt.JÜJ lü tA^a^â 

ô^Uâ A-iâ (JilLujJ (J£joü AjbfLa ClAjliJI jl Cjlc.lill Cl lia. 

. ^LCLujVI A.jqj^j C_)jA^a\l (jA£\x. il 



L_â^kJl ôûU ^j-û c^j-aâlj ^Ja3 (J£jC lû L_âLaill A_iâ Js Ci J lAjlij ^a-ûj^a A_Lx^-q ûllA 

^uL<ia 11 ^.Ic. ^CaII (jl <j-aâlill jWq\l A_1 ujA i^Jl (j-ajL-a^Jl (j-ûj . Cj jj-ail 1 Ai^. (jj^l*Jl 


^Jaâll F’J F C 6 FM[F ? AjjI^II a (j-aâlàll ^Jaall (j-â ûÜa*-û 3-aq \ ^9 
ijj-aj A,lv\.<all e_Lii^a^) F A_Laidl (j-û j^lLajj ^liÜ Âjjjj-all (J^ (jlâ A-ilc.j .(j-aâldl 


J-iLU'U (jjj-a^_ûj (jl^alj (j^fC t A u^Lkll û ÂA (j-â lâl^Üajl . (_JjUla]1 c _Lu^a^jl ^j^a F ? AJakill 

• A \ ^ ^ ii\\ 1 \ 1^1 AyA \ jjj ^ j ^Qj t ^ ^\1 ^ \f~L 
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2 JL*jVI 


ÂjjLjjàll a jlxll 


4i**ià c 


jIjI 


jjjL 2 


: dij*^î! jluiSjj 

La-lic. Cll-'Utl) IgjV (jLikVI t—llc.1 4ja*Calj jjSli 2lâ Cil jj^JI jLoiSll ajAllâ Lal 
4jâ £■ jSii (Jjja. t (jLLCLû jjC. Jauij ^ j! i jjâiiâ-a jJa**j ^ 4*a. j-JI jjCüjj 
.g. jjCall jLaS.'ll ûjAllâ ^ LaLall Cll.Ia-J La JÎLa .4^.^Lall 4^.jC jl ûjl^)^JI 4^.jC 
ç .\jgJI (j-a C^)jl ç.La 4S^)J jl jg-i (jiâjCa (_gic. Cj-jj^aLClî j£-aJ 2LLaâ 

jl C jSLJI ^Li-aall ^3 ^Jâj ^jiîl (_gJjVI (_>a*aLâSl 4 jl2üI 4LL*uii (_£,JI Ç^J^' 
Cil^j-saîl jV • j^-JI jl 4S^>JI ^Ja** ^gc. ^giLCal Cg-^. jjC j Â1 LllalÂjJ 

LaCxJ t ■'l.a.-x'l.a'l jl CjLJI ç.Lall ^Ja** JjjS ^Lu **\j jL.LJI ç.l_ggJI -Luia ^)juujj 
jjLVI ^ 4_i5 j > *aJ JSjCüj -la** jll ûjl^a. ^ jLi m»a Clll jl**£jl û-Ic. ^lau 
l Cil ^g**ai] LaLall (j*SL«.'l ç. Lall ^Ja** j Lnjqij 4LL.l**ll ç. I ^ggJI 4.9 gla j*J I J^ja*a^-a 
JS düLü 4j dl-Ia-J V J jiaJI IÂA jÆ. 4*a.j-a 4llS Cljj*^all jlCïLl ^..J,j-*a.i IcSa j 

. la>*Cal j j-aÜ**-all J**ajâ . CIiIaI^IiVI 


ûjAUâj (Jji*lLall 4 jJp. ^gi ç.^*Call ^gi 4 lL*jC Lag Igjjlâ j a jAlUI sCA ^)Sâ 
VI Jlallgj Ç Jgjj**a,H L_ll^)**]l" j-a le.ûjAUàll sCA jaL-'i (jl j£-ag VI . t_ll j**ll 

. ? "4_iij**a ûj_gj**a" 4ilS (_£-l**all j..i'.L,'.i jl LliS^aJ 
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2 JL*jVI 


ÂÂulIàj l jLI 


2 


ÂjjLjjàll * JjL 


\ I 

!>UÎ 





LûJÙC. ^â^)Ja (jjj (JL-saüVl 

A jj-La ^yA jl IAa^j-o çLall 

(J£ .*Ü o^jjla^all ç.l^JI 
(JâjüjVI j x n ^gic-VI A g aJLajj 


Lo-lic. CJxj^a ^â^)Ja (j^J (Jl x^flüVl 

Jaiâ téilùA 4-uijlalLa 

(jj£j 4-ûjnoll Q^*} 

. 1 (j-a^jodl ^Jj (J ijj-a jll 


180 







2 JL*jVI 




4 o i ( 


_>U 


LSjtâ 2 


<jjjI£*JV 4j1ajÜ! ljIauLjJI 

JjLûC-l ^1** Jl^-a (_5^ LoIa Ijj. 1 j4*ll fljlu&t j dljj-qll (JjjISjuI j^jjAUâ (jj 

. 4jj^j_*ai| ^l^aVl JLaxLuiL ^Jqll i _ÂJjfJl j jL^JI 

i J)^.l _j^il J j2*. i_âliJ'il ^ic. 4jjJî ^A g. jjJqil ^3 aUSÛU ûjjLa û^jAUâ ^»aI (jj 

.Ç\Jlîi\ fljAUâ ^■1 _J*s2U 4-alc. <.)*^rfll-L ^A j 

:^'A£iV' 

(jjà (_g.Wa]l JLftJ -iLLtJ l ^AJ c^^Jqil (j*q.lL.*.üiil ^3 Lâl jc.j^jÿ\ ^AâJL*J 

J 4_ia^*.*qil ^1 j-a2U AjtiLiflJ! ^3 4.**il -s!\a 1 ^gjj*-ra" 

<âj33 0 jtij ^Jqjuj tûji.^)JI (je. L. ÂLifÂll ^ iLÜ> in ,^A j .<^.**‘^1 ^ 

(j*q : .;,S.*.üJl ^ n j . (—bailla jjjfül jig.Ni <Üq*J jj IgJjlajj lg-j^qr^.3 3*J <-!>,jJal jj 

4-lSj.JI ûJbtilj L.llall j JuSilj 4_]jl^)âj^ail <L-q j^il tiüLobJ LJI jt- j£LV L ^..Jail 
L-.Jq.il CllLaj\'L**a ^»aI qa ■xg.'ilg.xl (j_j2aJ ^3 4L^.^lj j^^giSil-5 JLqJqilj (jJ-j^)^.n\l j 

. JlljAqJl 
: jU^Jl 

^ail cliLiiSiil aIa^. ^jJc. (Sound Navigation Rangingjsonar jL_j**qil ^JOl 1 jjilaJ 
JLojjL IJa j c4-l^k-Jl jqL*1 ^IC. CllLa^ix-ail (JLIlLuiI j JLaijL 
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2 Jiu>jj\ 


ÂÂulIàj l]Ll 


çSjjL 2 


ÂjjL jjàll * 






La ^j-aSic. tÂll^la ClllâL .ia ^ic. Ç-LaJI ^l^aLM s CA ^CHIi .4jü jx^a ÇjLa. 

^ Li»"l .kc. jxxxl çj^alali ^^iîl 4. ; U.ü ; Jrîllâ.,aj^Sll j A-LjjCall ^1 j-a^U Ajjgûllj 4 j1c. 

A_iijj^all ^1 jJ^\ CliVLa-a JaiMun 1 jj! jlll Cj^l-a-a b- IC. jLijj^all ClaLiiÜ 


JjjS Cllljjl jlll JLa-a J-aalua'.) LaS ( jjj^A jl£ 20jl5 jljyA (j^ )Â£. j-aj^-aJI 

jl 0aajJa]| £jlia (JjC. (__â2âSil J&> jlj jaaa.ll CllLiiâll ^jujLuüVI <—âC^JI jl .^Lut-ajaiîl 

: jljjx^a" ja jlc. ji lilllA j . a-Lall ^3 ûjja*-a]l j^.1 j 2 >JI 

: JalâJI jUjaâlI 


LaS (Cjaaajall ^jui^JI IgAjqijj jl (_J-a!i^J ^jill Clilji-aLM jjâ La jl Clll jj^aLH CaaajJ 
. l^.-ilc. C^jj ^^liîl Ailmalt LjLra.1 j 4Al^jl je. CllLajl*-a ç.UaC.1 <ü£aj 

; kuSiity 

^La^LM ^Jc. l^J <j^£juLall ç.\lxxo^\ IaCsj (JJlauS Clll jLi) (Jjoijj jbl JÎI cjLa Alla 

. Caaa jll AlCfrlma.H 
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2 Jiu>jj\ 


ÂÂulIàj 


2 


ÂjjLj jjàll * 




(je- (JjVjîl (_£& 4-uJajVl ôjjiâll ^-ijljpA^t (Jjajuü 

jl^=k. jAj Sismographe <—à' je. jAm . Am . l l j& Igja ^aU <maU>. di j-a^au 

Aie. aj)\ jl 4_il jJamlj AiL^aLa 4Î3 jj ( ^2c. A. j^aj jjis <2lij ^ya LuiLuil < illjj 

. jlfraJl Jg j-.Aj-a (_pajLij <àLt-« 4 JjSj CluLa oilA jl jl&l 

a-lmll jj£j j c \ g V]-> > >n J A-jjJa jV 1 dll j! jlAVl -latsliV fljJ ^^ic. jl.g.-J>-il IÎA 


. j_Jj)V jll Cil4_LmLLaJ jj^aâ 



q.1^. j] î\Vî q ôç.1 £ 
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2 jiu>jy\ 


ÂÂulIàj 


çSjjL 2 


ÂjjL jjàll a 


rdij^ail c-lijjl 

.^LâJjVt ( _ S -A c'ûCjoiII ^11 <âLja'yL (Cilj^-aîl j ; i-al.i 

jilV I j t iIa LaACa.1 (jLl LjqiCa. jxaj Ljjli jjll ^Ac. (jjüjj^a ^Aïoû LaCjjtA 

(jjSjâ . jjIjjAI jA (_jjj ja-sal! (jjj 1_jjaj (_s21l ^jLjjâlI jIlLall (jj . fljte 

. LCaiLLla ajjl jj (jlS LalS Uâjlc. (jjSjj (Jlc. ajjl jj (jlS LaiS lcla>. Cilja-all 



<Lajk jjSjj lilllll ^giSjj ( (jja-a JjlJJ (_£C Cil J J -^ a Clll-l^L ^am'l Jjjla aCC. (illlA 
jj-alll Cil jj^a ( _ s 2c- Jjj^natil (—boiLLa jClj ç.1 j^JI JaauCa ^3 <1^1^. CllCaCj û jl^-a 
(GBF)<CaiVl,a.ll Cllljjl jjll clj-aJ Cil ja^all ^>jS-a AaJj (j£-aJ 2Llaâ .(jja-a jjl jJJ 

AAÎLa JpjjA 440 4-aJâll .Je. 'ClaJjCaj 



(jaiâjj Cil jj^a dllc^.1 (jS-aj LaS . jj jjA 440 ajjl jJ Cil ja^a ( _ s -ic. Jjj^aadl 
44 ( _ s Ac- Ü'^ 1 * 14 C l^-®Lal £jCa J $1 J£ll £tÂjl <11 J1 aiM i nL dllia-çal j-all 
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2 JL* jV I 


Àijailàj i jl.ll 


(S>iL 2 


ÂjjL jjàll ^ 3WI 


La t-jjSjjll 12 a .'âJi^.1 jll Àjjlilll ^gi diljjc 10 Iajcs À£.jj^ jj-ijj Ll_ü 

.4aiÜ„a Cil! jj-a\ LllI-la-V LaiCâ (Ja»"nn) (jlS ^gjl .11 jlLjl V] jA 

(jjj iéll2 Jâ^2/Ll La£ t ^2a..u jJ Lajlc dlmjl Ciljp! jij ^-LâJjLM (JJJ AÎîLLatJI (jj 
1 (jl <_JjCaâJ téllLl t A. ,12 lu ^j-al! CllL/Vl (_jC- ûjCL_*oll Clll J (^LaiiL/l Cil ^j_^a 

Ia^)JJ 3Ü t<üLij Jjl (je. !lLi-a j-1a_aJ lilllS <UaJjoilj <j^alLi. Clll jj^a I ( _ s 2c- 





<jlij j^û 

yi âllî Ai-alS ûjj-lî ^»j2LÎI (j-a^ jj,- Aui i i 4j_jalLi. <.)I^ 4_il jj^a À^.ya <_J^.I (j-aâ 

.4_iiLill ^A OÎC^. JJ T j-a^W - LLLoi Lui j La£ _ <1 tJJ.AH laâ.jCa'l 
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2 Jlu: jVI 


ÂÂulIàj l]|jl 


çSjjlj 2 


ÂjjLi jjàll .» ^1*11 


La£ . jjjJgJL 4-ic. jjxjj ûjljjAVI Jj! JJ JlaJ Jj2! L_) jiLa (jLa iiîlê£ Lliljj 
IgJ jajJj 44 aja1! Jjia jj.1 (Jl/Lâ. ka. jjil! (_Jjâ (j-â Â£. jlaLal! 4iLa.aH ^ojoiJ 

•A, jjsjlL 



JiLa d)lic.Llajs 0.1a.jll sC^lj tHz JJJJ^I! ^^gA cliilj La£44_iaaLa! û-la .j jj!jjUj 

10 6 )MHzJpjja lii/21 j t ( jjjja 10 3 )j' jjjja 1000 4 KHzjjjja jL£J1 

.(jjjja 10 9 ) GHzJjjjaLjjLIj 4 (jpjja 

. IgJfelaj jêV! 4-jjgiLaa. <wi2l!iâ.! 4-LaallàJ! Cil! ja-a^L 4Ü»!lal! dlLajuill ^a! (ja jj 
(jjoLuaj (_j! Cli-IsL V Liijij JJJJA 15 (j-* Ciljjljjll Cillé Cil jl jiAVli 

20000 (_3jâi (jillj diljjljpl! J^.! (j^j 4 jUttl <_£-2 ^jaaa 

4jC.La!Loi'i! 4 jjC- jli £â! jll j . La jaC. (jUaii^i -lie. 4_AC.LaJa2il (_g.àj.sCl 4 ji JJA 
JU2I 4j«_nlaJ ■‘Uc-laLaiVI séA (_ 3 .Ia.ji LaS 4 jjall Uia jj!jjI! (j^âllii jaaÜljjJ 
Jailli .4âlikal! dlLi! jj.Sk.ll 4...uajllj 4-iC.lajjLi! AJlc. Cllli2ljâ.! CaJ Lajjj 4 'û.Lallj 

4 jIc. ^jJ! cilji-a! ^Lajj <lfLaj t_ jKI! j 25kHz <j!x. ^gJ! Cil! jaaa! ^-laaa 4j£aJ 
lOOkHzjj 'jj ciilc cii!jj^al ^1 ^ L a jja iV! jjâlellj jilaaLl j£aj Glu 4 35kHz 

jla! jC.! ^gi Ciljaaal! jj! j!iî (Jla-a (JlaaCLü! ( _glc. 1^1 jCâ CllLi! jJSk.ll jlaa.J »eâlLoij 

J âV'Ç a 
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2 JLa jVI 


ÂÂulIàj l ll.ll 


çSjjL 2 


P-ili jaàil a 


aie. PiL-aJ lg.-n.i Laaâ <JL^aj2U P_ii jj-*al! dlL^. j-all di 3 J La J^aHui P-Lallâ 
La£ .4 jj jj^a\\ Jjjà Cilla,j-all Jl a»'! mil I g ijj Laaâ (jjâV-Jl Lmi i Clll j!i-a jli£ 

(Jailli j)-a (jS-alill (80kHz^l _ja.)P-il jj^aall (jj_jâ £"1 J-a"JI J 1 > -aJ (jlilâl_ââJl (jl 

. (_)ji-al dl ^.2Uâîl ^ iLJajL-aV I j 

dlilj |j| Pii Ciloll ^3 a jjlall P-aa-ill (jli J ^jâll (j£-aj ’. J ^âl! Pj-Allâ .j 

jrlj-aV! jjlajü V jiV! jlâ A Lx 4 Ajjj^I ^Ij-sVI di! jjIjj 

. 4-uj^aJ) jjjâ çlj^yi ^lj^»Vl sca ( _ r Auü . L^ii-ici diil£ 1 4 g a Ica j 

1 5 (j-a Jâl Lk jjl jp ^ I _j-al Ja.1 (j-a ^gll_ jj^o 1I (jJ_uia.V Il (JÂL? I j». tin V Jlla-olllij 

. *LUJmsJI ‘ "'^ " gl^,91 £-1 jLJl a PA ^g-aiii t llJjïi JJ^lA 
LaJlic. ( P-liiaaJI Clll_ji-£aL?lâ .4j^alLâJI Cil!(j-a JJâ PCC. A-3t.-l.lJ-3.il Jla.jj 



CllIÀ <1113 P_iC.^)â Cil!ji-aL? Ufuii .lÉai-a L-uSjli (je. a jlac. (jj£j cAjjjC j)j£j 
ûjLlijiî! ^A ^ j-aatll ^^Jc. CllljpljJl aiïA (j-a P-Laa. j! allai j (jj£j taCliaa Cil!jjljj 
Pli _jil! jLà.uaj^ L_lxl lêli . ft jjJ! ^g-ajjj L-alâ Lialjjjaâ LuUa Cil ^J-ax'i 
JLaxüaAj jl jillll! JLaxaJ-l j! (jli jl! Jl aiMrnll ^j-all ->La\l (j-a V Ppilui _j-all 
a-lL (_£jlma (Jjoai Ja! (j-a j iPli 2 lilîl a j^aLM Plijill aCg-î (jjSLa Pila t(jLa£ll 


(je. LaLall P.flljâ-a a^>aj l^i-a J^l J_J^J (jÜ tA-«.j-jall (jjiâj j jii! jill (JJiai tdlsi! 
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2 (JLuijVI Â-ijljjjàll * <iu2aj l_iIjI ^ jiti 2 

lilli jA ajlij jj£^l Cil(jj£Li <j2tjll 4-iiji-sall jXjLLû]I bCA (jjj (jjs 
. Liijii jjjja 440Jji jJ Cllli dll jl JjjaI JoâS t4iV (je. j-L^aj 

ajl jjAl (_j-a <_àllii (jLa^ll jl jjLnll jjc. jcL^all Ciljj-sall (jlj lülâ (JjlLalljj 

Fondamentale ^LmV) cjjmoJI jjjjAf 0 =440Hz Jil jj ciilc <j^LJ 

cil dlljjl jj Clllic-LCo-a ^A dlljjl jj Cllli dll jt jja! lgj]j lâLCaa 

Cj^*Sl fl (**>*ÜL^.LaIl djIjljj&Vt s4& ^ g^ajoU .(2f 0 ,3f 0 ,4 T(). . .. j1 
.41 j 41 ajjj cc^i 4 jIa4j cA4àâl jj ciil jl jàa\ J (Harmoniques 
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2 <JLuüjVI 


ÂjjLj jjàll ^ 3WI 


ÀiuJâj L-ji ûi 


lSjAj 2 


:4_uj^ai! cy k. lJjxIII — 1 

A_lll j-all Aj^slJ! JJC.j Ax.J^jj.jj^.11 A-il jh^I! Cll^l^-all -ll-laj <_àC^-J 

. Ciljt^iW I ^).iSAaJ A_iCai^-LaJi Clll jpl jlil !c ]ja I^jS 

:,«-u >al2l l_u£>21 

. (JSdllj (jjAA jA La£ <jCai^_LaJI Cil! jjI jll! -lî ^>aJ Cil j > .o\! -laJ^)j 



JfLj ? ^C-Lajj tili^,a..i !2La . 4..'â.Cû 1 f= 1000 HzA-a.jtil <^ c ' Jp! JJ JajjCaj 

• ^ /'ni< L i >1 ^ \ 

? Jâa2>lp !2Ls tLiajjJij fjll jlll A-tiâ ^ 

. jpl jlî! A-ajâ ciutiljl L2£ ac^. clcjj ciijj^all (jlj 2â^.!lLj 

dl^ttjoù Ja j! ?^-lâjjV! (_^3 Cil^i^al! û.1^. >.a"ull ^J! 

?jjl jll! A_apâ dûlS La^-a 

(jcVI J] V 20000 Hz^-a^! J] jpl jpl! Ja^aj J «i*j < 1 ! Jâ^.^Li (JataiL 


^alc. (__âj^xj ç.UaC.1 j£â <-LmlLa]lj Câ Cil(jlj 12 a Ja 

^a! (jLoùV! (jc'i liîjl-lallj 2aJJj-a jA Ja ) Cil^j^aiî 
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2 JUjVi 


ÂjjLj jjàll a jACI 


ÀiuJâj L-ji ûl 


lSj^ 2 


a^>all aCA (Jjl^.1 i f = 1 OOOHz *Ca.iftil (_s^ c - jlfra21 jpl jJ (_£^pJ aj*a JajjJal 

Ç-lài.jlj IlLa cLiajjlj (jjaààJü JjI jjII 4-ajâ 
^-b^aj (_£^pJ ajlaau jl t jpl jlll 4-aj5 ClljCaâ;s.jl Lal£ aCa. <_JLj d)jj^aJI j)lj Jâ^jLi 

. jjI j!lll 4-a^9 ddaàd' Lal£ Uà,i\c. 

Cil ^Aui j (_Ja lj jl ? CilaC^ (_palâdl yeiL^iJ (_gC-a (_^l (j£J 

Çjjl jllll 4-aaâ (j-a Idlaid CllilS La^-a 
(jj'il (Jjdj V 20 Hz^-aifl.H CjCa. jjljilll (Ja-aJ (j' ^*-2 2â^.2Lj (Jxaîlj 

. Clll y^a\ 

? Cil ^>A-a 4 _Loi^)J Cil y^a -1^.jj j? a CA jjl jll! 4-ajâ C*J <ül j)l j^aj Ja j 

J ^llLa (jjjai La-a ^Cilid 


.Âjjjj-ûII jj! jJJ d y^sl\ ôAa, jjlxljj * 

.JSja* 20000 - >j^20 : j3ljtfl ^ cxè : cr 3 ^' JM * 
.20000 û-» j-^VI jj'j^' J^' c> ûJ 5 ^ : çr*-**-^' <33* JIM' * 
20 c> jjIjjÎI <»Jâ J*' c> û3^ : J'M' * 


— 2 : dcLkllI ôjAÜâ <Uâ^Laj (jk Ljj^ail A£.jj-u (j-uLâ 

lgc3 ^CâJluij Aj^au ç .\^jÜ c\ j$l\ Ciljj^all <ic.^)jai (jJ-cÜ c Ogj 

. Lijâj^fLiaj Clljj^aiS l^)j£-aj ■‘dCa&idaJI Clll^jjljcü lc]j-a 


:<^-u vadî\ l_u£ >21 
. J< dll ^ jjcç-JI *_n£jj]l j 
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2 Jiu>jj\ 


ÂÂulIàj 


2 


ÂjjLj jjàll a 



(_3_jâ JU-all !^à ^Ajullïla j Ajtlaïixs 

.B ^.A.La (j-a ^JaJ^-ait jl jÜA'ii ajailJ -ilJj^aJJ 

( to IfrjAa dAjJajjll (_j-a Ig.Anj ^ill _J- Û ^ 

l^Jaàlilij ç.1 (_^3 jjJÛÜjj ^all s2a . X (J. jlLJajj (jjj 

.A aIAJLo qa jl jÜA^M ajoilJ jlg.BLj Ua_jJ^a (jjSi-1 (_5-2l (j_jâjjfLfall 

Àjj jj^all û jl2i^M £-a 1 -uniJJJ ^all ÂjjLj^SJI ûjL^I 4.,ui'.ui ^^Jc. JIALÎü 

. JUalaiV' SjLij À-ijliillj JLojj^I ûjLil ji\ c^jjjjLil Jàa^Lia 

JULAH J (JIjjj'^I (Jxjkll ^JLuilla <-443 JIÎC. jlfraJ,' ^Aaj]^ ^4.all Ja.bJa.) — 

. (jillAl -Üa JJC. j (jjla-Aal j 
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2 Jiu>jj\ 


ÀiuJàj 


2 


ÂjjLj jjàll a 


(jjjjLoil ^gJc. (JjSIuiaII j (jjj 


AÜ-o^all iélî2£ JsQj Jsl 1 


.^(_Ji.!jj A. uiLuill (_5^ c - (_jjl jjl-a!la 



jLSüal ûAæ JiLaj (_£Â!I At (Jj^làll ’âç.ljâ <2 ûL 2JI ^Jc. Çj .) a *■ <J>* 


(jjj Ji^aâj ^glll CjLiJ^all CCC* (JjÜoiaÎI (Jj^^all (_j-a Cil 

Ûjlcûl 4-ll.lj (j-a (JjCraaj l^é^\ ^Jc. (_J-û ICA (JjAil I (jjl jLiu'lM 

<IailLail ajLiy\ s jjCü (je. 0jLiîl UaâJl l_l\jCÀ.i 4jCaiiîl 

ûjLjVI jljîïlil Âe.j jj ^llïlml (jS-aj (Jiüaü-aJIj (jjj d AÜ-miaII ,ll.lallj — 


JLalâCill ûjAÜâ ^JâiOLa ^-a i d 4âliJ-a]l sCgJ ^Jâ ûCC. iiij -liât! 

. Ifr.njCi ^gJujj j ûjijSJI CjlâL^aJ! Alla. ^ <ÜaïiLall ûjLÎü^U Cil, 
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2 JL*jVI 


ÀjjL jjàll a jlxll 


ÀixLàj t_ilJ 


<_s>L 2 


: ^JJC- (Jjjiaj 

A_lâlj 2 4-aJâl! ^ic Lia jjJa* (lAJ^ ûCcli^ ^âS^/l ^ m«all J j (jlS IJ 

^ jjjjjLL^U (jLa-all (jLnîl ûç-Ijs (j.* i ^.jl c (2ms/div) d^l 

(jjj d- AiLuxall A-aaS (jlj Laïc. .ç.lj^ll ^3 dlJ*^all Ac.^)** Jjjlxoll (JSCiî! 

• 4.47m ^iÇl LJJ‘J ; '^-aJ (j_jâj^Sxall 

6.6c.>^ ^ALajVI J_^-a ^ ^âsS?l j_j^-all J}3 j dlLajj-üll CCC (jLnll ( _ s Ac- ^ 

. ■‘Lajj-ü 

cjLutll ^3 12 a dlUjjüll 22c t_J^)jCaj Clll^-ij-üll a-l^i (JjlLall (j-aj^ cL^-iV 

.(2ms/'div)gJ 

T = 2x6.6 = 13.2 
T = 13.2ms = 0.0132s 

J <Laj 

V - d/T = 4.47/0.0132 -338.4 
V-338.4 m/s 


:.l«Là 4 ll a jAÜà AÜ^La 

CaLjjJ B J A (jaiL-lail Ajjuùllj 4„a aall (j.jiâj ( _ s 2c- (_^1 jSLLl! ^.x.a.a'1 jj LjVI -AijCa i 
^^ill a jLcûVI Ajlxu ^11 jlâlij CilJJ.^11 ^Sxs (je. LluLfl LliCû jjjSjjSj-alLi 

LalS (J^sLjjj AjlxJI a 2 A (jL -lâ^l/LiS i A(jL.C-all ^ie (jjSJ jA** 8 ’" LgJaSlL 

dij,*^all /i.h'i (^lill ■Lal.-s.'.iH û^jAllâ jxoâj I2 a j cdljj-all £-ila (jC LiCjCLl 

t-lutj (j-a A_ijL/l Cllljj^aVI A-a**.'i V Lll«-a-l La icAj cç.1 j^JI ^3 ajLîïijl Lie 

• Llpj LgJ LicLax* jjjfLi jl 
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2 JL*jVI 


Âiuilàj i—iLi 


2 


ÂjjLjjàll * JjL 
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